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(54) lon source

(57) An ion source as illustrated in Fig 1 for use in depositing thin films by physical vapour deposition comprises an
jon-generating chamber and an anode (1) formed of multi-capillary for sending high-density atoms or molecules to be
ionized into the ion-generating chamber in a constant direction. The jon-henerating chamber may be provided with a
cathode (3) supplying thermal electrons to ionize the atoms or molecules. Alternatively in a further embodiment the ion
source may be provided with an electrode for the input of radiofrequency power or a waveguide for the input of microwave
power to ionize atoms or molecules in the jon-generating chamber.
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ION SOURCE

The present invention relates to an ion source
used for deposition of a functional thin-£film by the
method such as PVD, etec. and more particularly to an ion-
generating appratus for generating ions with a relatively
high current density of 1 mA/cm2 or more even under high
vacuum of 10”4 Torr or less using energy as low as 200 V
or less required for irradiating a substrate with ions to
foam a thin-film,

Thin-film of high-quality compound or metal is
synthesized by irradiating a substrate with ion beam of an
active gas such as nifrogen, oxygen and hydrogen and the
features of thin-film are improved by irradiating the film
with ion beam of an inert gas such as Hc, Ne, Ar and Kr.
Since the existing ion source used for such a purpose
requires energy of several hundred to several thousand eV
and the ion current density obtained is 100 uA/sz or
less, it is unfit for the purpose. (See P.68 of "Semi-
conductor Plasma Process Technology" by T. Sugano,
published by Sangyo Tosho (1980)). A low-energy ion’
source with a single Kauffmann grid has been proposed

recently. The accelerating voltage thereof is 50 to 130 V

value in the vicinity of grid is only 0.97 mA/cm2 even
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under the optimum conditions. This ion source cannot be
therefore considered a great improvement. (See pp.10 -
15, Vol. 29, No.ll (1986), "Vacuum" by K. Usami et al).
The present inventors found from the
investigation made considering the state of art as
mentioned above that ions with an ion current density as
high as 1 mA/cm2 or more can be generated by discharging
the filament emitting thermal electrons while sending
high-intensity atomic or molecular beam which has a
direction through a bundle of multi-capillaries with an

aspect ratio of about 100 to about 1000 into an ion-

_generating chamber kept under vacuum as high as 1074 Torr

or less.

The present invention provides an ion-generating
apparatus comprising an jon-generating chamber and an
anode comprising a bundle of multi-capillaries to supply
high-density atoms or molecules to be ionized uniformly
passing in a direction into the ion-generating chamber.

The present invention will be described in more
detail referring to the drawings.

As illustrated in Fig. 1, an lon source of -the
present invention has an anode (1) comprising multi-
capillary with a bundle of capillaries, a cathode (3) for

emitting thermal electrons to jonize atoms or molecules

m

ied in a uniform direction through the multi-capillary,

B
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reflector (5) for effectively utilizing the thermal
electrons by preventing the diffusion thereof, and as
additional elements which are provided when required, a
supporting electrode (7), a permanent magnet (9) and a
target (11) for measuring the ion current. The intensity
of magnetic field is between 0 to 500 gauss. The space
between the cathode (3) and the anode (1) or supporting
electrode (7) corresponds to an ion-generating chamber for
efficiently extracting ions by suppressing the plasma
generated therein from diffusing. The ion current density
is elevated by installing the supporting electrode (7).

Though not specifically limited, the multi-
capillary is generally composed of a bundle of about 50 to
about 1000 capillaries about 0.01 to about 1.0 mm in
inside diameter. The material thereof is not also
specifically limited, and metals, polymers and glass are
generally used.

Since the atomic or molecular flow uniformly
passing in a direction efficiently comes into collision
with the thermal electrons in the apparatus of the present
invention shown in Fig. 1, an ion current density as high
as 1.0 mA/cm2 can be obtained under the optimum operating
conditions using the supporting electrode (7) without
applying an accelerating voltage, and a value as high as

6 mA/cm2 or higher can be obtzinesd at an accelerating
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voltage of 200 V.

Fig. 2 shows an ion source provided with an ion-
generating chamber (15) made of gquartz tube and the like
around which a coil electrode (13) for the input of
radiofrequency power is provided to efficiently ionize
atoms or molecules sent in a direction through the anode
(1) consisting of multi-capillary. The other components
in Fig. 2 are essentially the same as those in Fig. 1.

In the apparatus of the present invention shown
in Fig. 2, an ion current as high as 10 mA can be obtained
even without applying accelerating voltage and an
extremely high ion current of 25 mA or more can be
obtained at an accelerating voltage of 200 V.

When the coil electrode (13) for the input of
radiofrequency power is replaced by a waveguide for the
input of microwave power in the apparatus as shown in Fig.
2, similar effectg can be obtained.

Since atoms or molecules to be ionized are
supplied through the multi-capillary used as the anode in
the apparatus of the present invention, a high-intensity
atomic or molecular beam uniformly passing in a direction
is generated in the ion-generating chamber. An ion
current density as high as 1 mA/cm2 or more can be,
therefore, easily attained even at an accelerating voltage

as low as 200 V or less. Using conjointly 2 supporting

-
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electrode with an anode, an ion current density as high as
3 mA/cm2 or more can be cobtained even at an accelerating

2 or more

voltage as low as 50 V and that as high as 6 mAcm
can be obtained at 200 V. The apparatus of the present
invention is, therefore, extremeiy useful for forming
high-quality semiconducting and superconducting thin-
films, etc.

The present invention will now be explained more
in detail by referring to examples and comparison examples
which are provided for purposes of illustration only and
are not intended to limit the present invention.

Examples 1 through 9 are carried out by using
the apparatus illustrated in Fig. 1 and Examples 10
through 15 by using the apparatus illustrated in Fig. 2.

Examples 1 through é’and Comparative examples
through 3 show the results obtained without the
application of voltage to the supporting electrode and
Examples 6 through 9 and Comparative example 4 show the
results obtained applying voltage to the supporting
electrode.

The symbols described in the examples and
comparative examples represent the following meanings:

Vg Discharging voltage
Discharging current

Partial pressure cof argon gas
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Poot Partial pressure of oxygen gas .
Vg, ¢ Accelerating voltage

ia : Ion current density

I, : Ion current

Vg : Voltage of supporfing electrode

Ig : Current of supporting electrode

Comparative Example 1

The value of i, was measured varying V, under
the constant conditions of Vg4 of 60V, Ig of 1.35a, Vg4 of
zero and Pp, of 2.0 x 1074 Torr.

The results are as shown in Table 1.

Table 1
v, (V) i, (ma/cm?)
0 ———
50 0.52
100 0.56
150 0.60
200 0.64
Example 1

The value of i, was measured varying V, under
the constant conditions of Vg4 of 70V, Ig of 1.357, Vg of
zero and Pp, of 2.0 x 10~4 Torr.

The results are as shown in Table 2.



Table 2
Vg (V) i, (mA/cmz)
0 0.09
50 1.01
100 ' 1.07
150 1.13
200 1.19

The comparison of the results of Example 1 with
those of Comparative example 1 reveals that an ionic
corrent density as high as 1 mA/cm2 or more can be
obtained even at V, as low as 50V when Vg is 70V or over
and P, is 2.0 x 10™% Torr or lower.

Comparative example 2

The value of i, was measured varying V, under
the constant conditions of V4 of 80V, Ig of 1.5A, Vg of
zero and Pp, of 1.2 X 1074 Torr.

The results are as shown in Table 3.

Table 3
v, (V) iy (ma/cm?)
0 -0.68
50 0.23
100 0.32
150 0.33
200 0.35



The value of 1, was measured varying V, under
the constant conditions of Vg of 80V, Ig of 1.5A&, Vg of
zero and Pp, of 1.7 x 1074 Torr.

The results are as shown in Table 4.

Table 4
v, (V) iy (ma/cm?)
0 0.68
50 1.39
100 1.47
150 1.55
200 1.63
Example 3

The value of i, was measured varying Vg, under
the constant conditions of Vg of 80V, Iy of 1.5A, Vg of
zero and Pp, of 2.0 x 107% Torr.

The results are as shown in Table 5.

Table 5
v, (V) iy (ma/cm?)
0 0.88
50 1.40
100 1.50
150 1.55
200 1.65

The comparison of the results of Examples 2 and

3 with those cf Comparative example 2 reveals that an
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ionic corrent cdensity as high as 1.39 mA/cm2 OI OVer can
be obtaineé even at Va as low as 50V when V3 is 80V or
over and Pp, is 1.7 x 10™4 Torr or under.

Comparative example 3

The value of i, was measured varying V, under

a
the constant conditions of \Z! of 100V, Ig of 1.5a, Vg4 of
zero and P, of 1.2 x 1074 Torr.

The results are as shown in Table 6.

Table 6
v, (V) i, (ma/cm?)

0 -0.16

50 0.90

100 0.92

150 0.95

200 0.98
Example 4

The value of i, was measured varying V, under

the constant conditions of V3 of 100V, I4 of 1.5a, Vg4 of
zero and P, of 1.7 x 104 Torr.

The results are as shown in Table 7.
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Table 7
v, (V) i, (ma/cm?)
0 1.27
50 1.91
100 ' 2.03
150 2.15
200 2.22
Example 5

The value of i, was measured varying Vg, under
the constant conditions of Va of 100V, Ig of 1.5A, Vs of
zero and Pp, of 2.0 x 10”4 Torr.

The results are as shown in Table 8.

Table 8
v, (V) iy (ma/cm?)
0 1.25
50 1.80
100 1.95
150 2.03
200 ’ 2.11

The comparison of the results of Examples 4 and
5 with those of Comparative example 3 reveals that an
ionic current density as high as 1.27 mA/cm2 or over can
be obtained even at zero of V., namely, without
accelerating voltage, when Vg is 100V cr over and Pp. is

n ionic current density

]

- - - .
1.7 ¥ 107F Torr or under and that



as high as 2 mA/cm2 or over can be obtzined at V, of 200V,

Comparative example 4

The value of i, was measured varying V, under
the constant conditions of V3 and Vg of 50V each, I3 of
2.88, Ig of 2.4A and Pp, of 1.0 x 1074 Torr.

The results are as shown in Table 9.

Table 9
v, (V) iy (mA/cm?)
0 -0.60
50 0.10
100 0.20
150 0.22
200 0.28
Example 6

The value of i, was measured varying V, under
the constant conditions of Vq and Vg of 50V each, Ig of
2.88, Ig of 2.4A and Pprp of 2.0 x 1074 Torr.

The results are as shown in Table 10.

Table 10
v, (V) i, (mA/cm?)
0 -0.50
50 1.05
100 1.70
150 2.12

200 2.50



10

15

20

Example 7
The value of i, was measured varying V, under
the constant conditions of Vg and Vg4 of 50V each, Ig of
2.83, I. of 2.4A and Pp, of 3.0 x 1074 Torr.

s
The results are as shoﬁn in Table 11

Table 11
vV, (V) i, (ma/cm?)
0 0.15
-50 2.36
100 3.33
150 4.23
200 4.80
Example 8

The value of i, was measured varying Vg under
the constant conditions of Vg and Vg of 50V each, Ig of
2.82, Ig of 2.4A and Pp, of 4.0 x 10'4 TOIL.

The results are as shown in Table 12.

Table 12
v, (V) i, (mA/cm?)
0 0.80
" 50 3.20
100 4.40
150 5.35
200 6.10

Example S

[£]
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The value of i, was measured varying V. under
the constant conditions of V3 and Vg of 50V each, Id of
2.8, I of 2.4A and Pp, of 5.0 x 10”4 Torr.

S

The results are as shown in Table 13.

Table 13
vy (V) I, (mA/cm?)
0 1.00
50 3.17
100 4.30
150 5.10
200 5.50

The comparison of the results of Examples 6
through 9 with those of Comparative example 4 reveals that
an ionic current density as high as 1.05 mA/cm2 or over
can be obtained even at V, as low as 50V when a supporting
electrode is conjointly used with the anode in the
apparatus of the present invention and taht an ionic
current density of 1.0 mA/cm2 can be obtained even at V,
of zero, namely without accelerating voltage under Pp, of
5.0 x 1074 Torr.

Further, an ionic current density as high as 6.1
mA/cm2 which has never been attained before can be
obtained under the conditions of V4 of 50V, V, of 200V and
Pp, of 4.0 x 1074 Torr.

Example 10
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The value of ionic current (I) was measured
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20

varying V, under the constant conditions of radiofreguency

power (RFP) of 200 W and Py, of 2.0 x 1074 Torr.

The results are as shown in Table 14

Table 14
v, (V) I, (mA)
0 10
50 11
100 12
150 12
200 12
Example 11

The value of I, was measured varying Vg under

the constant conditions of RFP of 200W and Pp, of 4.0 x

1074 Torr.

The results are as shown in Table 15.

Table 15
v, (V) I, (mA)
0 20
50 _ 21
100 22
150 - 23
200 24

Example 12

The value of I, was measured varying Vg4 under

£4

iy
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the constant conditions of RFP of 200w and Par of 6.0 x

1074 morr.

The results are as shown in Table 16.

Table 16
v, (V) ' I, (mA)
0 21
50 22
100 23
150 24
200 25

Example 13

The value of I_ was measured varying V, under

the constant conditions of RFP of 200W and Pos of
10”4 Torr.

The results are as shown in Table 17.

Table 17
v, (V) I, (mA)

0 9
50 ' 10
100 11
150 11
200 11

Example 14
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The results are as shown in Table 18.

Table 18
vy (V) I (mh)
0 ' 15
50 22
100 26
150 34
200 39
Example 15

The value of I, was measured varying V4 under
the constant conditions of RFP of 200W and Py of 6.0 x

10'4 Torr.

The results are as shown in Table 19.

Table 19
v, (V) I, (md)
0 20
50 38
100 33
150 39
200 44

The results of Example 10 through 12 reveal that
an ionic current as high as 10 mA can be obtained under a
partial pressure of argon gas of 2 x 1074 Torr or less in

an ion source using multi-capillary combined with
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radicfrequency power and that an ionic current as high as
25 mA can be obtained at V, of 200V under Pp, of 6 x 1074
Torr.

The results of Examples 13 through 15 reveal
that an ionic current of 9 mA can be obtained even at Va
of zero under a partial pressure of oxygen of 2 x 1074
Torr or less in an ion source using multi-capillary
combined with radiofrequency power and that an ionic
current as remarkably high as 44 mA which has never been

obtained before can be achieved at Va of 200 V under P02

of 6 x 1074 Torr.
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CLAIMS:

Y

1

Ton source comprising an ion-generating
chamber and an anode formed of multi-capillary for sending
high-density atoms or molecules to be ionized into the
ion-generating chamber in a constant direction.

2. The ion source as claimed in claim 1, wherein
the ion-generating chamber is provided with a cathode
supblYing thermal electrons to ionize atoms or molecules.

3. The ion source as claimed in claim 1, which
is provided with a supporting electrode to increase the
jon-extracting efficiency under vacuum.

4. The ion source as claimed in claim 1, which
is provided with an electrode for the input of
radiofrequency power or a waveguide fer the input of
microwave power to ionize atoms or molecules in the ion-
generating chamber.

5. An 1on source substantially as hereinbefore
described with reference to and as illustrated 1in Fig.

1 or Fig. 2 of the accompanying drawings.

s,
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